ABSTRACT: Disturbance in seagrass habitats may cause variation in the structure of fish assemblages and individual taxa. One important form of disturbance is wave action associated with strong winds. Total fish abundance and species richness from seagrass beds at 2 sites in Port Phillip Bay, Australia, were sampled during low and high wave disturbance. During high wave action (> 0.25 m) in seagrass beds, abundance of fish at one site decreased significantly, but species richness was unaffected at both sites. Plankton sampling conducted at the same time as seagrass sampling (directly 300 m offshore from the seagrass sites) found that species richness significantly increased during high wave conditions at both sites. Total fish abundance similarly increased in the plankton during high wave conditions at one site. We conclude that variation in assemblage structure during increased physical disturbance is related to variation in a small number of numerically dominant species within the assemblage. At the individual taxon level, numerically dominant species in the seagrass and plankton showed considerable variation in response to disturbance. In the seagrass assemblage, post-larval King George whiting Sillaginodes punctata (Cuvier and Valenciennes), adult weedfish Heteroclinus perspicillatus (Cuvier and Valenciennes), and pipefish juveniles and adults from the genus Stigmatopora decreased in abundance at either one or both sites during high wave conditions. Conversely, in the plankton, adult pipefish Hypelognathus rostratus (Waite and Hale), juvenile Stigmatopora and larval Gymnapistes marmoratus (Cuvier and Valenciennes) significantly increased in abundance during these same physical conditions. It appears that for some taxa physical disturbance may facilitate secondary planktonic dispersal.
INTRODUCTION
Physical disturbance at many spatial and temporal scales has the potential to cause variability in recruitment of marine invertebrates and fishes (Norcross & Shaw 1984 , Miller & Emlet 1997 , Werner et al. 1997 ). This disturbance-related variability can influence assemblage structure, population dynamics, and demographics of many temperate and tropical marine fishes (Milicich 1994 , Thorrold et al. 1994a , Robertson et al. 1999 . Assemblages of fishes from temperate seagrass beds have considerable spatial and temporal variability (Sogard et al. 1989 , Ferrell et al. 1993 , Hindell et al. 2000a , which is often linked to hydrodynamics during their pre-settlement stage. For example, hydrodynamics on large (e.g. ocean currents; 100s of km), meso-(e.g. wind forcing, tidal currents, plumes and fronts; 10s of km) and local scales (e.g. currents, winds and waves) influence the transport and delivery of larval fish to suitable nursery habitats (Cowen 1985 , Kingsford et al. 1991 , Thorrold et al. 1994b , Hare & Cowen 1996 , Kingsford & Suthers 1996 . However, the importance of hydrodynamics after settlement has received less attention in explaining variability in assemblage structure and population dynamics for species residing within inshore seagrass habitats.
Early post-settlement processes structuring marine assemblages and individual populations have largely been inferred from studies of marine invertebrates and coral reef fishes (Jones 1991 , Olafsson et al. 1994 , Frederick 1997 , Hunt & Scheibling 1997 , Booth 2002 . Postsettlement losses are poorly understood, but recent studies have suggested predation, habitat complexity, resource competition and food availability as possible causes (Shulman & Ogden 1987 , Sale & Ferrell 1988 , Connell & Jones 1991 , Hixon & Beets 1993 , Levin 1994 , 1998 , Carr & Hixon 1995 , Booth & Hixon 1999 . Postsettlement losses can also be influenced by the resuspension and transportation of larvae and juveniles during small-scale disturbance events. This secondary transport (from a benthic to a planktonic habitat) occurs for invertebrates such as crustacean (Blackmon & Eggleston 2001) , bivalve (Commito et al. 1995) and annelid larvae. Etherington & Eggleston (2000) found that storm-induced waves and currents caused planktonic dispersal of recently settled crab juveniles. Similarly, post-settlement transport of bivalve species was coupled with the passive movement of sediments (Commito et al. 1995 , Turner et al. 1997 . In contrast, information describing the resuspension and transport of fish species from benthic marine habitats to offshore waters, particularly from temperate seagrass beds, is lacking (but see .
Seagrass beds are important nursery habitats for juvenile fishes worldwide (Orth et al. 1984 , Bell & Pollard 1989 , Orth 1992 ). At the individual bed level, early studies focused on the roles of plant density and surface area in determining the assemblage structure of fish (Heck & Orth 1980) . Orth et al. (1984) suggested that increases in structural complexity served as a refuge from predation. More recently, physical disturbance within seagrass beds has been invoked to explain variations in abundance and distributions of organisms associated with seagrass , Blackmon & Eggleston 2001 , although studies on the variation of fish in relation to disturbance are not forthcoming. Our study focuses on seagrass beds within Port Phillip Bay, Australia. Previous studies at these seagrass sites have examined the importance of larval supply (Jenkins & May 1994 , Hamer & Jenkins 1996 , habitat structure (Jenkins 1986 , Jenkins & Wheatley 1998 and predation (Hindell et al. 2000a,b) and how these factors can affect the assemblage structure of fishes. The goals of this study are: (1) to investigate whether physical disturbance in the form of increased wave heights can affect species richness and total abundance of fishes associated with shallow seagrass beds at fine temporal scales (days); and (2) to determine whether increased wave disturbance can influence secondary planktonic dispersal of individual taxa.
MATERIALS AND METHODS
Study area. Port Phillip Bay is a large (surface area of 1.95 × 10 9 m 2 and mean depth of 12.8 m), semienclosed, predominantly tidal embayment on the SE coast of Australia (Fig. 1) . It is connected to the oceanic waters of Bass Strait via a narrow (3 km) rocky entrance (Black et al. 1993) . The entrance to Port Phillip Bay has important implications for the hydrodynamics of the region. Driven predominantly by strong tidal currents each half tidal cycle, fast (3 m s -1 ) ebb and flood tidal jets dominate the water circulation in the entrance region (Harris et al. 1996) . In the northern part of the bay the tidal currents are reduced dramatically (Rosenberg et al. 1992) , and net circulation is influenced by local wind-forcing (Black et al. 1993) . Currents within Port Phillip Bay also show vertical stratification (Black et al. 1993 ), but little thermal or chemical stratification exists (Longmore et al. 1990 ). The tides in Port Phillip Bay are semi-diurnal, with a range of <1 m.
Beds of seagrass Heterozostera tasmanica (Martens ex Aschers.) den Hartog are dispersed intermittently from the upper sublittoral margins of Port Phillip Bay to a depth of no more than 9 m (Bulthuis 1981) . At our study sites, these beds generally consist of narrow (20 m wide) subtidal bands running parallel to the shore, forming a sharp boundary between seagrass and bare sand. H. tasmanica beds become more widespread within the Geelong Arm (Fig. 1 ) because of pro- ). Another seagrass species, Zostera muelleri (Irmisch ex Ascherson), also occurs in this region, but is mostly confined to the upper margins of the intertidal zone.
Field sampling. Assemblages of fishes were sampled at 2 locations (Edwards Point and Grassy Point) on the Bellarine Peninsula (Fig. 1) . These 2 sites have been sampled in a number of previous studies of seagrass fish assemblages (Jenkins & Sutherland 1997 , Jenkins & Wheatley 1998 . Two habitats were sampled at each site: an inshore habitat, consisting of beds of Heterozostera tasmanica, and a planktonic habitat approximately 300 m offshore. The average water depth below mean low water spring (MLWS) was 0.5 and 3 m for the seagrass and planktonic habitats, respectively. At each site the 2 habitats were sampled during daylight and within 2 h either side of low tide. Both sites were sampled 23 times (i.e. 23 sampling days that represented calm and rough weather conditions) at intervals ranging between 1 and 4 d between September and November 2000.
Ichthyoplankton was sampled using a 1 mm 2 mesh plankton net of 4 m length attached to a 1 × 1 m steel frame. Two chain bridles were attached to the top and bottom of the frame. The top bridle was connected to a wire cable leading to the towing vessel; the bottom bridle was attached to a 16 kg depressor weight hung below the net. The weight was used to reduce the angle of the net while towing, thus minimising the loss in effective mouth area. The net was deployed just below the surface and towed at 1 m s -1 , creating a 30°a ngle of attack, resulting in an effective mouth area of 0.9 m 2 . A General Oceanics flowmeter was attached to the steel frame and suspended in the mouth of the net to estimate the volume of water filtered during each tow (standardised to 1000 m 3 of water sampled). Four non-overlapping hauls, each of 10 min duration, were conducted at each site. The plankton net was retrieved whilst underway; once on board the net was washed down with seawater, and the contents of the cod end emptied into a 1 mm sieve. Fish and plant material were preserved in 95% ethanol.
Seagrass sampling was performed by 2 persons using a fine-mesh beach seine net (10 m long with a 2 m drop and a mesh size of 1 mm). Four haphazardly placed non-overlapping hauls were taken over beds of Heterozostera tasmanica at each site. A cod end of 0.5 m depth was sewn into the middle of the net, and two 10 m ropes were attached to each end of the net. The bottom of the net was weighted by the addition of a lead tracer, and the top of the net was buoyed. The seine was deployed on foot. One person held the position, while the other fed the net out from a small inflatable boat. Upon retrieval into the inflatable, fish samples were sorted from the cod end, anaesthetised in benzocaine, and preserved in 95% ethanol. Seine nets of this type have been shown to be efficient devices for sampling seagrass-associated fishes relevant to this study (Connolly 1994a , Jenkins & Sutherland 1997 .
Oceanographic parameters. Two physical parameters (wave height and wave energy) were used in our study. Wave heights were calculated by a pseudosteady wave-generation model for intertidal, enclosed estuaries of complex shape, 'Wave Generation 3 Dimensional Dispersal (WGEN3DD)' (Black & Rosenberg 1992 ). The wave model incorporates wind velocity and direction, fetch, and bathymetry (Black 1996) . Modelled wave heights in a 400 × 400 m square immediately offshore from each site were run at hourly intervals. We averaged wave height over a 6 h period prior to sampling and defined 2 wave height categories: low (< 0.25 m) and high (> 0.25 m). We assigned these levels because wave heights < 0.25 m represented relatively calm surface conditions. Low wave heights were also highly correlated with offshore winds recorded at the time of sampling. Wave heights > 0.25 m represented more turbid, vertically mixed surface conditions highly correlated with onshore winds, recorded at the time of sampling.
Wave energy was calculated within the seagrass beds by an InterOcean S4 Electromagnetic Current Meter. Root-mean-square (RMS) values for wave-induced resultant speed (cm s -1 ) were averaged over the time it took to sample the seagrass beds.
Laboratory analysis. Fish were identified to the lowest taxonomic level possible (Gomon et al. 1994 ) and counted, and their standard lengths (SL; tip of snout to tip of caudal peduncle) were recorded. Drifting seagrass and algae collected in the plankton net (standardised weight in g per 1000 m 2 ) were dried in an oven at 60°C for 48 h and then weighed.
Data analysis. Data were checked for normality, homogeneity of variance and collinearity prior to statistical analysis. With the exception of species richness, transformation to log 10 (x + 1) was necessary to meet the assumptions of analysis of variance (ANOVA). Replicates were pooled from each habitat (seagrass and plankton) and site (Grassy Point and Edwards Point). Because the experimental units for assessing effects of wave disturbance were days, and samples within each day were subsamples, this resulted in between 23 and 25 replicates, depending on the statistical test. Twofactor ANOVAs of site (Grassy Point/Edwards Point) and wave condition (high/low) were used to analyse species richness, total fish abundance, and individual fish abundance within each habitat. For all tests, site and modelled wave height were considered fixed factors. Analyses focused on the most abundant species. Two-factor ANOVA of site and wave condition was used to compare the amount of floating plant biomass in the plankton to fish abundance. Correlation analysis was used to investigate changes in species abundance under differing wave energies within seagrass beds at both sites.
Post hoc power analysis was performed on nonsignificant results using the program G*POWER. In our analyses, we used a range of effect sizes that we thought to be biologically important when testing the power of our main effect (wave disturbance). One abundant species, Sillaginodes punctata, whose ecology is well known in the area (Jenkins & May 1994 , Hamer & Jenkins 1996 , Jenkins et al. 1999 , mostly returned significant results. We used the changes seen for this species to determine the effect size for other species prior to power analysis.
RESULTS

Fish assemblages
There was a clear distinction in the fish assemblages between sites and habitats sampled (Tables 1 & 2) . Pooling across sites and wave conditions, 49 species from 24 families were collected in the seagrass compared to 30 species from 18 families in the plankton assemblage. The numerically dominant taxa within the seagrass habitat were King George whiting postlarvae Sillaginodes punctata, 2 adult syngnathid species and juvenile syngnathids from the genus Stigmatopora, and atherinid larvae. Other common groups included clinids, gobiids and scorpaenids (Table 1) . Similar dominant groups were identified in the plankton assemblage, although the pattern of these dominant groups differed markedly from the seagrass habitat (Table 2 ). Atherinid larvae were by far the most abundant species found in the plankton across both sites. S. punctata post-larvae were again found in moderate numbers, as were Stigmatopora juveniles and monocanthid and pleuronectid larvae.
Species richness and abundance
Seagrass
Species richness (the total number of species) within seagrass habitats did not vary between locations or between modelled wave height (Table 3, Fig. 2 ). In contrast, total fish abundance (total number of individuals) showed a significant 2-factor interaction where the effect of wave height varied between sites (Table 3 , Fig. 2 ). The total number of fish collected at Grassy Point was significantly higher during calm, low wave conditions compared to high wave conditions, whereas the number of fish at Edwards Point was not significantly different between the 2 wave conditions (Fig. 2) . Plankton Wave disturbance influenced species richness in the plankton (Table 3) . A greater number of species was present in the plankton across both sites during increased physical disturbance of high wave heights (Fig. 2) . The total fish abundance in the plankton showed a significant wave height by site interaction (Table 3) . In contrast to the seagrass habitat, this time the number of fish at Grassy Point was independent of wave height, while numbers at Edwards Point rose sharply with high wave action (Fig. 2) .
Individual species
Sillaginodes punctata post-larvae (King George whiting) Post-larvae of Sillaginodes punctata are settlement stage larvae (mean SL = 20.8 mm) that have a full complement of fin elements but are yet to take on the juvenile characteristics of pigmentation, gut coiling and scale development (Bruce 1995) . The abundance of S. punctata post-larvae showed significant differences between sites and wave heights, where the 2 factors acted independently of each other (Table 4 ). More fish were found at Grassy Point compared to Edwards Point, and S. punctata numbers were significantly higher in the seagrass during reduced wave heights (Fig. 3) . Correlation analysis at Grassy Point (n = 22, r 2 = 0.310, p = 0.007) and Edwards Point (n = 22, r 2 = 0.256, p = 0.016) showed numbers of S. punctata were negatively correlated with wave energy. The number of Sillaginodes punctata post-larvae collected in plankton (mean SL = 19.2 mm) was lower than that in seagrass (Tables 1 & 2) . There was no significant difference in the abundance of S. punctata in the plankton between sites or wave heights; however, the power to detect a significant effect, if one existed, was approximately 21% (Table 4 , Fig. 4 ).
Atherinid larvae (hardyhead species)
Atherinids were generally late-stage (10 to 15 mm), post-flexion larvae. The number of atherinid larvae collected was much higher in the plankton than in the seagrass habitat (Tables 1 & 2) . In the seagrass, atherinid numbers did not vary significantly amongst site or wave heights, nor was there an effect of wave energy (Table 4 , Fig. 3) . Similarly, in the plankton there was no effect of site or wave height on atherinid numbers, although unlike the high calculated power in the seagrass, the power to detect an effect of wave disturbance in the plankton was low (Table 4) .
Syngnathidae (pipefish species)
High numbers of 2 species of adult pipefish, Stigmatopora argus and S. nigra, were collected at both sites in the seagrass. The abundance of each species at the 2 sites was similar, although the less abundant of the two, S. nigra, was much more abundant in the seagrass during low wave heights (Table 4 , Fig. 3) . Juveniles of the above 2 species, referred to hereafter as syngnathid juveniles, produced a significant wave by site interaction in both the seagrass and planktonic habitats (Table 4 ). The numbers of juveniles collected in the seagrass at Grassy Point decreased during high wave heights (Fig. 3) , whereas an increase in abundance was evident during reduced wave heights in the plankton at Edwards Point (Table 4 , Fig. 4) . Adults of another syngnathid species, Hypelognathus rostratus, were predominantly found in the plankton (Tables 1 &  2) . The numbers of this species increased significantly in the plankton during increased wave heights (Table 4 , Fig. 4 ). 
Heteroclinus perspicillatus adults (spotshoulder weedfish)
The numbers of Heteroclinus perspicillatus adults in the seagrass showed a significant wave by site interaction (Table 4) . More fish were collected at Grassy Point (Table 1, Fig. 3) , and the number of fish collected at Grassy Point was significantly higher during reduced wave conditions (Table 4, Fig. 3 ). This phenomenon was also supported by correlation analysis (n = 22, r 2 = 0.238, p = 0.021), in which the numbers at Grassy Point were negatively correlated with wave energy.
Acanthaluteres larvae (leatherjacket larvae)
Larvae of 2 species from the monacanthid family, Acanthaluteres vittiger and A. spilomelanurus, were pooled, and their numbers analysed. These 2 species from the same genus are hereafter termed Acanthaluteres larvae. Acanthaluteres larvae were mostly well developed (post-flexion, >10 mm). These larvae were only found in the plankton, with no significant variation in numbers between sites (Table 4) . At both Grassy Point and Edwards Point there was a significant increase in numbers during increased wave heights (Table 4 , Fig. 4 ). The majority of these recruits were collected in the last 2 wk of our study, and therefore the results for this species should be interpreted in this light.
Gymnapistes marmoratus larvae (cobbler larvae)
Larvae of this species were mostly found in the plankton, where its abundance was relatively consistent across sites (Table 2) . Although not significant, slightly higher numbers of this species were collected in the plankton during high compared to low wave heights (Table 4 , Fig. 4) . Additionally, the power to detect an effect of wave height on this species was only approximately 24% (Table 4) .
Plant biomass
Floating algae and seagrass gathered in the plankton net during sampling did not show any significant difference in biomass between sites (Table 5, Fig. 5 ). However, both algae and seagrass did show a significant change in biomass in response to wave disturbance. Significantly higher amounts of floating algae and seagrass were found on the surface during high wave heights than during low wave heights (Table 5 , Fig. 5 ).
DISCUSSION
At our study sites, localised physical disturbance had varying effects on the fish community structure and recruitment patterns of individual taxa. At the assem- blage level, species richness in the seagrass beds remained constant during increased physical disturbance. Furthermore, species composition was similar to earlier studies on seagrass beds within Port Phillip Bay (Jenkins & Sutherland 1997 , Jenkins & Wheatley 1998 , Hindell et al. 2000a ). The fact that species richness within these seagrass beds remained fairly constant during physical disturbance, and was also consistent with previous studies undertaken, suggests that fish diversity within these seagrass habitats can withstand small-scale environmental perturbations. Compared to species richness, total fish abundance within the seagrass was shown to be highly variable during physical disturbance. At Grassy Point we found a reduction in the total number of individuals during increased wave disturbance. However, the relationship between total fish abundance and increased physical disturbance was driven primarily by a few common species within the assemblage, such as Sillaginodes punctata post-larvae, atherinid larvae, and syngnathid juveniles and adults. Previous studies in these seagrass areas have reported that these species are common and strongly contribute to the seagrass assemblage structure (Jenkins & Sutherland 1997 , Jenkins & Wheatley 1998 .
The species richness of fish in the plankton was heavily influenced by wave disturbance; a significant increase in species richness occurred during physical disturbance of high waves. Similarly, an increase in total fish abundance in the plankton was also found during increased wave heights at Edwards Point. Possible causes for these patterns may be (1) the capture of benthic or mid-water species due to vertical mixing of the water column caused by increased wave disturbance; (2) the capture of species normally found further out from our sampling site (e.g. during onshore winds, species may be transported to our sampling area by surface currents in the plankton); and (3) secondary planktonic dispersal out from the seagrass beds (see below).
The significant interaction between site and wave condition for total abundance suggests that the impact 134 Table 4 . ANOVA of log(x + 1)-transformed abundance of 6 species found in the seagrass and plankton with respect to wave condition and site. of wave disturbance differs at the 2 sites. In general, Edwards Point is a more exposed site than Grassy Point through greater wave fetch and stronger tidal currents. It is possible that the assemblage at Edwards Point was more resilient to disturbance, and therefore variability in disturbance had less of an impact at this site. Site differences in the plankton are more difficult to interpret because the scales of movement in the plankton would be much greater. It is possible that Edwards Point represents a hydrodynamic retention area where fish dislodged from seagrass beds accumulate in the plankton. Similar patterns to those found at the assemblage level were also observed for individual taxa in the seagrass and planktonic habitats. During increased physical disturbance caused by high wave heights, we found 4 taxa in the seagrass decreased in numbers (e.g., Sillaginodes punctata post-larvae, syngnathid juveniles, Heteroclinus perspiculatus and S. nigra adults), while in the plankton 3 taxa increased abundance (Acanthaluteres larvae, Stigmatopora juveniles, and adult Hypelognathus rostratus). However, this pattern was not consistent across both sites for all species, suggesting possible mechanisms driving these patterns are variable. Mobile organisms such as fish and crustaceans have been shown to be more abundant in low-energy seagrass beds (Bell et al. 1994 , Murphey & Fonseca 1995 . If we assume a relationship exists between increased physical disturbance and high-energy within seagrass beds, our results are somewhat analogous to these findings.
Resuspension of post-larvae and juveniles can initiate post-settlement transport (Rijnsdorp et al. 1985 , Wang & Xu 1997 , Etherington & Eggleston 2000 , Blackmon & Eggleston 2001 . have suggested Sillaginodes punctata post-larvae settling in seagrass beds near the entrance to Port Phillip Bay could be resuspended during increased physical disturbance, thus initiating secondary planktonic dispersal. Normally, onshore winds promote shoreward transport of invertebrates such as decapod larvae (Bertness et al. 1996 , Clancy & Cobb 1997 and planktonic fish larvae (Shenker et al. 1993 , Thorrold et al. 1994b ) to suitable settlement habitats. However, in this study we suggest that increased wave disturbance, which is highly correlated with onshore winds, has the potential to resuspend and transport a number of fish species from the seagrass into the plankton habitat. Such secondary transport may be possible through stratified horizontal currents in the water column. At our seagrass sites, recent fine-scale oceanographic studies have shown that during increased wave disturbance the current in the lower-to-middle part of the water column is directed offshore, so that small fish in that part of the water column could also be transported offshore (K. P. Black et al. unpubl. data) .
Secondary transport can be evoked by behavioural (active) and/or physical (passive) mechanisms (e.g. Palmer 1988 ). The active process of post-larval swimming may contribute to offshore movement. In tropical reef systems, the possible active movement of fish larvae to onshore settlement habitats has been postulated to result from their good swimming capabilities (Stobutzki & Bellwood 1994 , 1997 , Leis & CarsonEwart 1998 and directional swimming (Leis et al. 1996 , Armsworth 2000 . In situ observations of postlarval Sillaginodes punctata, larval atherinids, and juvenile syngnathids obtained from close-range video analysis within seagrass beds suggests horizontal swimming abilities of these species is poor (S. Moran pers. obs.). For example, over extended periods of time (hours) swimming speeds of S. punctata have been reported to be relatively weak (6 cm s -1 ) (Welsford 1996 , Jenkins & Welsford 2002 . Because of the low swimming speeds in these species, we believe active swimming in the horizontal plane alone cannot explain offshore movements from the seagrass during increased physical disturbance. In contrast, active vertical swimming up into the water column during high physical disturbance could lead to increased abundance of seagrass-associated fish in the plankton. However, the passive transport of these species may be linked to drifting seagrass and algae, of which we found a significantly higher amount in the plankton during high wave conditions. The fact that we found a number of species with a high affinity to seagrass beds (e.g. syngnathid and monacanthid species) in the plankton during these wave heights may support a theory of passive secondary transport. Planktonic transport of invertebrate and fish larvae has been linked to floating plant material (Worcester 1994 , Jenkins & Sutherland 1997 , Bradbury & Snelgrove 2001 . Bell & Westoby (1986) found a strong relationship between drifting macrophytes and syngnathids, where syngnathids can attach themselves to the upper sections of the seagrass blade (Howard & Koehn 1985) . Similarly, in our study, disturbance-related uprooting may enhance the offshore movement of this species by the same process.
The position of fish in the water column may influence the resuspension and secondary transport of our seagrass-associated fishes. Based on their vertical position in the water column, Sillaginodes punctata post-larvae and syngnathid species are thought to be associated with the top of the seagrass canopy, while the cryptic weedfish Heteroclinus perspiculatus occurs deeper within the canopy (Jenkins & Wheatley 1998) . We believe the former group to be more susceptible to secondary transport because of exposure to available offshore horizontal currents induced by the increased wave disturbance. Similar subsurface horizontal movements offshore for brown sole Pleuronectes herensteini larvae has been found during onshore winds, where larval retention was dramatically reduced (Nakata et al. 2000) .
While secondary transport may be a major determinant of individual fish and assemblage patterns in the seagrass beds, post-settlement mortality may also explain the reduction of dominant taxa from this habitat. Although most studies describing post-settlement losses focus on factors such as predation (Hindell et al. 2000a) , food resource limitation (Connolly 1994b) , and habitat complexity (Connell & Jones 1991) , we suggest that physical injury as a result of increased physical disturbance may also contribute to post-settlement mortality in our seagrass areas. As in our study, found numbers of post-larval Sillaginodes punctata in seagrass beds to be negatively correlated with increased wave heights and suggested post-settlement mortality as a possible cause. In our case, we would expect to see higher rates of disturbance-related mortality for the smaller and lessdeveloped individuals, such as S. punctata (≈20 mm SL) post-larvae and atherinid (≈13 mm SL) larvae, which have reduced swimming capabilities. Unfortunately, in the field it would be extremely difficult to test a theory of disturbance-related mortality at such fine scales in seagrass beds.
Finally, caution must be exercised when analysing data collected during increased physical disturbance, as sampling efficiency may be compromised. Connolly (1994a) and Jenkins & Sutherland (1997) found that net efficiency was reduced for species that are found low in the seagrass canopy compared to species that are found above it, although physical conditions (e.g. wave conditions) were not mentioned. In our study, we assume seine net efficiency was not compromised during high physical disturbance for species such as Sillaginodes punctata that are thought to position themselves above the canopy; on nearly all occasions the net sampled the complete water column, with the exception of extreme wave heights where water spilled over the top of the net. Also during these high disturbance conditions, the bottom of the net may also have slightly lifted off the substrate, affecting the catch success of species inhabiting the bottom levels of the seagrass canopy. We also assume plankton net efficiency was unaffected by increased physical disturbance. The fact that we found more fish in rough conditions compared to calm conditions may support this view.
In conclusion, our study showed that species richness remained stable during high wave disturbance in seagrass beds and increased in the plankton immediately offshore. Total fish abundance was also generally higher in the plankton, but lower in the seagrass beds during increased wave disturbance, although dominant species within each habitat seemed to drive this pattern. Investigation into the relationship between individual species and fine-scale physical disturbances may improve our understanding of variability in recruitment and the spatial patterns of these species during such conditions. In particular, we found secondary transport, and possibly mortality, may be a mechanism that influences the structure of individual species, depending on their spatial orientation within seagrass beds. Post-larval Sillaginodes punctata was one species that responded strongly to increased physical disturbance within seagrass beds, suggesting secondary planktonic dispersal for this species is possible. Previous modelling done on S. punctata has highlighted the inability of meso-scale models to accurately predict recruitment to some areas deep within Port Phillip Bay (Jenkins et al. 1999) . Further investigation of these fine-scale physical processes, and how these processes may influence post-settlement transport, may improve the predictability of these models.
